The aim of this course is to provide direct experience of collaboration with other European astronomy/space science students and to gain an insight into the establishment of ESA space science programmes. The first half of the course takes place in Southampton. The Southampton students work as a team to track a past ESA space science mission from initial conception through to final realization and operations. This is achieved through the study of the high quality documentation available in the form of ESA reports. Each student has well defined responsibilities within the team. The second half of the course takes place in Tenerife, at the University of La Laguna. Again the students are expected to complete a team study of a space science mission. This time, however, there are important differences: the study teams are now international, approximately half Southampton and half University of La Laguna students; and this time they are expected to design a completely new space astronomy mission with clearly specified scientific objectives and operational constraints.
Introduction
Modern day space science activities are generally performed in the environment of international collaboration and cooperation. This is true for all of the European Space Agency (ESA) enterprises. One of the key aims of this course is to give the Physics with Space Science students direct experience of international collaborative work. The students are sent to the University of La Laguna on the island of Tenerife to study with Spanish students of a similar age and experience. The first half of the course takes place in Southampton, where they are expected to work in teams to study the evolution of a past ESA space project from the original conceptual ideas to the final operational mission. The XMM-Newton project [1] [2] [3] [4] [5] is a typical mission used for this phase of the course. The second half of the course takes place in Tenerife. Here they work in teams of eight students which, where possible, comprise four Southampton students and four from La Laguna. The objective of the team effort is to design an original space science mission, given firm budgetary constraints (e.g. mass, nose cone dimensions etc) and scientific objectives. Each student has well defined responsibilities within the team, such that both individual and corporate team effort is essential. The course ends with a team presentation of their proposed mission. The structure of the team study is directly modelled on the ESA methodology for selecting future space missions for incorporation into their science programme. Hence, apart from gaining experience of working within an international team, the students gain a profound insight into how the European Space Agency functions in the space science context. This undergraduate course takes place in the second year and is a core unit of the Southampton Physics with Space Science BSc and MPhys degrees, and the La Laguna component is compulsory for the corresponding Physics with Astronomy degrees. The costs, typically £500 per student, are borne by the Department of Physics and Astronomy, with a nominal (£75) contribution from the students.
The background to the course
The Physics with Space Science degree at Southampton comprises all the core physics units plus a complement of two units per year dedicated to space science. Across the campus there is a great deal of space activity, and apart from incorporating astronomy units from the Physics and Astronomy Department we are able to cater for wider space science interests in terms of oceanographic and earth observational themes. We are also fortunate at Southampton in having an active Aeronautical and Astronautical Engineering Department who provide more technologically based courses in the context of spacecraft design factors, the space environment, orbital mechanics, mission analysis, mission operations and so on. Despite the breadth and depth of the space material we are able to draw upon, we felt a course that dealt more explicitly with the detailed processes involved in the design of a space science mission, particularly in the context of the selection procedures associated with the ESA, would constitute an important aspect of training for the students.
The astronomy group within the department has had more than 30 years of experience in the field of space science having been involved in many space astronomy missions, and recently leading an international team to the successful selection of an ESA mission (INTEGRAL). It was decided to build upon this research expertise to create a course that incorporated as many of the key factors involved in a real mission selection process as possible. For practical reasons associated with the authentic research expertise within the department and the collaboration with the astronomers from the University of La Laguna, it was decided that the mission science objectives should always be in the field of high-energy astrophysics. Some of the key features that have been incorporated into the mission study are the following.
• The science objectives should be of real current interest.
• A realistic mission scenario in terms of launcher performance, and budgetary constraints, e.g. payload mass, size etc.
• A realistic technical design for the on-board instrumentation, which is based on current technological limitations.
• The promotion of teamwork, with individual responsibilities inside an international framework.
• The development of original and lateral thinking.
• Unconditional working deadlines.
• A 'professional' team presentation of the overall mission concept.
At the time of conception of this idea around 1990 we were also aware of the need to train our astronomy students using professional level telescopes in a true mountain environment with reliable seeing conditions. (See the accompanying article by Coe and Perez-Fournon [6] .) At the time we were (and still are) actively involved in a number of research collaborations with Spanish astronomers from the University of La Laguna and the Instituto Astrofisica Canarias. They were attracted to the idea of exploiting the Southampton space expertise to train their undergraduates, and since they were responsible for the management of the telescopes on Tenerife and La Palma, a marriage was possible. On a quid pro quo basis Southampton would lead the mission study course and La Laguna make a number of telescopes and facilities at the Izaňa observatory available to Southampton undergraduate students.
In order to initiate the course, European Commission ERASMUS funding was applied for and obtained. This alleviated the start-up costs, and enabled us to hone a viable and practicable operating cross-national teaching arrangement over the first few years. Since then the Southampton costs have been borne by the university, with a nominal contribution from the students. The course has been running for about 12 years, and we have expanded it into a comparatively smooth operation.
The course structure
The basic structure of the course comprises two major and equally weighted stages. The first half of the course takes place in Southampton. The Southampton students work as a team to follow the progression of a past ESA space science mission from initial conception through to final realization and operations. This is achieved through the study of the high quality documentation available in the form of ESA reports. Each student has well defined responsibilities within the team. The second half of the course takes place in Tenerife, at the University of La Laguna; here again teamwork is a fundamental aspect, but this time the teams are constituted from space scientists and astronomers and include both Southampton and La Laguna students.
The team study of a past ESA mission
The driving force behind this first phase of the course has been to educate the students into the realities of developing a space science mission from the original 'blue skies' ambitious proposed idea through to the hard practical reality of achieving this within the technical, engineering, financial and political constraints of an actual mission. To this end past ESA missions provide an excellent platform for the study. Generally they are extremely well and publicly documented at all the key milestones along the way, ranging from the initial scientific proposal, through the various assessment and other study phases, and on to the description of the final project including the eventual web pages associated with the operational mission. The ESA reports are typically 100 pages long and usually include detailed sections that relate to the scientific objectives, the instrumentation, the overall system design, the science operations and project management. The period of the documentation generally spans a continuous period of about 15-20 years. Detailed analysis of these documents enables a serialized picture of the progression of the project to be revealed. The ESA project reports provide the reference basis for the first study.
The class is divided into teams of about six to eight students. Each team is given a separate mission to study. In past years such ESA projects as XMM-Newton, ISO and SOHO have been studied. The project is divided into a number of key aspects each under the responsibility of an individual student; e.g. for XMM-Newton with a six-student team the subdivision of responsibilities has been the x-ray mirror system, the imaging detectors, the broadband spectroscopy, the fine spectroscopy, the overall mission profile and the on-board optical monitor. The students are expected to concentrate on the development of these aspects from the initial proposal concept through to the final realization with particular reference to the identification of the various influences that forced design changes/modifications. Each student is also made to review the science objectives most influenced by their particular area of study.
The students are drip-fed the documentation, which for the case of XMM-Newton spans the period ∼1980 to the present, in chronological order during the autumn term. This part of the study is accomplished in four instalments, each on a two-week cycle. The students are given the documentation; a week later a teaching slot is allocated for the team to discuss their thoughts/analysis with the course tutor, and a week later they hand in individual essays relating to their particular line of investigation. The cycle then begins again with the next phase of documentation. Their annotated essays are returned and discussed with the students. The final phase of the study involves assimilating an overview of the mission evolution from each individual aspect, including up to date web pages and major results, and presenting this in a final essay. Two weeks into the spring term they make a team presentation of the overall mission. The marks are awarded for this half of the course on the basis of their essays and their individual performances in the team presentation. At least three assessors are used for the presentation marks.
The team study of an original space astronomy mission
The underlying motivation for this phase of the course is to re-create, as well as is possible and within a limited time span, the conditions associated with the competitive ESA mission study and selection process. The key ingredients that we are able to include are a team effort, an international environment, individual responsibilities, working to clear budgetary constraints (e.g. mass, size, launcher capability), clear scientific objectives, current technological limitations associated with the instrumentation and detector performances, and an unconditional time deadline. A fully professional team presentation is also expected. Apart from the ability to shine within the team environment, this phase of the course is designed to draw out the knowledge-based innovative and lateral thinking capabilities of the students. This part of the course takes place within the Faculty of Mathematics and Physics at the University of La Laguna, Tenerife, Spain and the actual team study lasts a full six-day working week, and takes place during the Easter vacation period. For pragmatic reasons associated with real technical know-how/expertise, and also to limit the extent of hard information we need to provide, the missions are always restricted to high-energy astronomical objectives, with instrumentation working at energies higher than about 10 keV.
Preparatory lectures.
A series of eight lectures is presented during the last two weeks of the spring term to both the Southampton and La Laguna students. Identical lecture notes underpin both the British and Spanish classes and all the students have their individual hard copies bound into a single volume. These provide a working handbook that contains a great deal of astronomical background, technical information, useful formulae and methodology associated with the design study phase. The lectures are divided into four themes, each covered by two lectures. These are the following.
(a) Astronomical background. This section contains a review of astronomical objects that emit in the high-energy domain, together with a discussion of the underlying astrophysics, the photon emission mechanisms, typical spectra and a number of key references. (b) Detector techniques. Here they find sections on the physics associated with the interactions of gamma-ray photons with matter, how to quantify the performance of a gamma-ray detection system and a series of sections that compares, contrasts and quantifies the performances of the various types of gamma-ray detection system currently available for space usage. This section also includes practical working limits on the numbers and sizes of the various types of detection element that can be realistically incorporated into a single payload. (c) Imaging techniques. Gamma-ray photons cannot be reflected or refracted; consequently, radically different imaging systems must be employed in the high-energy domain. This section provides a comprehensive theoretical review of gamma-ray imaging techniques together with the necessary technical information to construct a viable design and assess the performance. (d) Background noise, sensitivity and the mission scenario. At first sight it may seem strange that these factors are bound into a single section; however, since gamma-ray telescopes are essentially radiation detectors and they have to operate in the local radiation environment of space, such factors as the orbital choice have a large impact on the eventual astronomical observing performance. This section provides reference information for the calculation of the background noise and sensitivity of the chosen telescope design together with the necessary data to optimize the choice of orbit. The firm budgetary constraints are also presented here, and the numbers are somewhat contrived to force the student teams into making hard decisions over the trade-off between (say) payload mass and a more advantageous orbit.
The La Laguna and Southampton students are thus equally prepared for the work to come.
Team structure.
On the morning of the first day the Spanish and British students meet for the first time and are divided into working teams. The team structure is designed to force direct personal collaboration between Spanish and British students whilst covering all the facets of study and promoting a team spirit. The teams are (as far as is possible with the given overall class numbers) constituted of eight students, four from Southampton and four from La Laguna. We require that two students, one Spanish and one British, take responsibility within the team for each of the four core sub-disciplines of study; the science objectives, the design of the detection system, the design of the imaging system and the overall mission scenario. In order to spread the expertise of the space science students as evenly as possible across the teams, we ensure that at least one Southampton space scientist is allocated to each study team.
As with ESA study teams, we also require that each team have a team leader who is responsible for ensuring that all the various team activities are meshing properly in both substance and time. We do not dictate who does what within the team; we leave that for the groups to decide between themselves.
Project allocation.
Each student team is given a distinct and independent scientific objective for their space mission. The astronomical objectives are very specific and limited in scope. This is to ensure that the students will be forced to design an instrument and overall mission concept that is very specialized and thus very different from those of the other teams. This avoids any negative aspects of secrecy and copying one another. Typical objectives can be gamma-ray burst studies, solar flares, nuclear gamma-ray line observations, the study of active galactic nuclei (AGNs) and so on. The resulting instrument designs consequently are very different: some driven by the fine imaging requirements, by fine spectroscopy or by fine timing, and others require large fields of view. Likewise the mission profile, and in particular the orbit choice, varies according to whether a low radiation background is imperative, or long uninterrupted observations are necessary.
3.2.4. Individual responsibilities within the team and working schedule. Apart from the team leader, whose job is to coordinate the various activities and decision making,the responsibilities are divided into four main areas, each with two students taking prime responsibility as outlined above. These are the following.
(a) The astronomical objectives. Relevant publications relating to the overall science brief need to be identified and copies obtained from the internet or the library. They need to be digested and the science objectives formulated. Estimates of the required measurement capability of the telescope have to be made. This is normally best presented in the form of a table, with a wish list of such aspects as sensitivity, angular resolution, field of view spectral resolution etc fully quantified. At this point the instrument designers can initiate their work, and the two students responsible for the science case can devote their time to refining and elaborating the science objectives. (b) The design of the detection system. With the first part of (a) completed, the process of instrument design can take place. The first objectives are to decide upon detector types, sizes, thicknesses, numbers, geometrical arrangement etc in light of the science requirements. Close collaboration is required from the two detector students and those responsible for the imaging system (c), particularly in terms of the level and size of the detection plane pixellation. They also are required to make a major contribution to the concept and design of the shielding system. Spreadsheet computations of the various performance characteristics (sensitivity, detection efficiency etc) are encouraged. Students are expected to develop their own algorithms and programs. This enables a rapid reassessment to be made as the initial straw man design is modified. (c) The design of the imaging system. This work starts in parallel with (b). As for the detection array the characteristics and type of imaging arrangement needs to be decided and an outline design made. Again spreadsheet estimates are encouraged. Clearly the detection array and imaging system have to be fully compatible with one another. (d) The overall mission scenario. The students responsible for this aspect generally carry out the instrumental mass estimates and look after the overall mass budget. Spreadsheet compilations are again de rigueur as an aid to speedy redesign evaluations. These students also look after the orbit choice and its impact on the instrument performance. They calculate the various trade-offs, particularly that of sensitivity. Close liaison is required with the instrument designers.
The working boundaries are not absolute, since the effort required tends to vary during the course of the study. For example the initial emphasis is on finding good science related papers, and formulating the science objectives. At this stage all the team have to lend support in order to progress as rapidly as possible. The next aim is to design a straw man payload of nominal size for which the key scientific performances and budgetary estimates are made. Redesign, aiming at the final version, is the next goal, followed by the preparation of the presentation. Clearly not all the desired performance attributes can be incorporated into a single, properly budgeted mission, and hard decisions as to priorities have to be taken within the team.
Support infrastructure.
The support infrastructure is vital for a course of this type. The student teams require a dedicated room space with a meeting table and whiteboard. They need access to the internet, with sufficient bandwidth to enable scientific articles to be downloaded, as well as access to a library with all the appropriate astronomical journals. At least one personal computer per team is required for operating spreadsheets and the preparation of their presentation, usually made through animated PowerPoint. A lecture theatre complete with an overhead projector and data projection equipment is needed for the final presentation.
Part of the support infrastructure, which dovetails into the assessment procedure and working schedule, is the role of the team supervisor. Each team has a member of teaching staff who acts in a supervisory role. The teams generally have a meeting with their supervisor twice a day, once in the morning and again in the afternoon. The meetings generally last between 30 and 45 min. We expect the team to have had an internal meeting beforehand. The purpose of the meetings is to review the current project status and discuss the forthcoming activities. The aim is to provide advice, but not the answers, and also to ensure that the team is on schedule to complete the study before the deadline. This lasts for about 1 h, giving each student typically 6-7 min. It is expected to be made in a professional manner, as if in a competitive mission selection environment. Each student is assessed by at least three members of staff, which does not include the supervisor of that particular group. We expect all the viewgraphs to be written in English; Spanish students have the choice of speaking in either English or Spanish. The British students are not expected to be proficient in the Spanish language.
Conclusions
This course consistently achieves high ratings on the student questionnaires. Both the Southampton and La Laguna students enter it with some trepidation at the prospect of having to work closely with people they have not met before and across the language barriers. It is always extremely gratifying to see how quickly they get over these uncertainties and quickly gel together as a team. The tight time schedule clearly has its impact here! The ability to think imaginatively and at the same time in a pragmatic manner, using the information provided as well as self-reliant scanning of the internet and library journals, come to the forefront in the context of creating a meaningful and realistic mission. Very often the teams devise exceptionally good missions, and present them extremely well.
